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Rosin is one of the most popular and traditional sizing agents which are often used in the paper-making process to increase the water-resistance of printing and writing paper. Recently, fortified rosins consisting of rosin acid and its adducts have been prepared by a partial reaction of rosin acid with maleic anhydride or fumaric acid, and widely utilized in practical paper manufacturing. More recently, a fortified rosin-glycerin ester sizing agent has been developed as one of the most promising sizing agents to obtain not only improved sizing efficiency, but also better lubricability of the surface of paper during the papermaking process. Figure 1 shows a typical preparation route of the fortified rosin-glycerin ester sizing agent, which consists of a mixture of the rosin-glycerin ester and the rosin adduct-glycerin ester.
It is important to determine the amount of sizing agent retained in paper samples for their quality control, because the rosin emulsion added to pulp slurry is partly lost with white water during paper production. Usually, the amounts of rosin sizing agent retained in paper is determined by extracting the rosin with some organic solvent, followed by weighing the extract after evaporating the solvent. 1 Another method to determine the rosin content using the absorbance of the extract is also reported. 2 However, even the time-consuming extraction procedure often results in an insufficient recovery, causing a less-accurate determination because trace amounts of the rosin components are not only physically retained in the paper, but are also chemically bound to the paper matrix to some extent after fixing.
One of the most representative techniques used to determine various trace sizing agents in paper is pyrolysis-gas chromatography (Py-GC), which has been successfully applied to the analysis of wet-strength resin 3 and neutral sizing agents. 4 The conventional Py-GC, however, is not directly applicable to determine rosin sizing agents because of their extremely high polarities, even using a high-resolution capillary column. Recently, reactive pyrolysis in the presence of an organic alkali, tetramethylammonium hydroxide (TMAH) ((CH 3 ) 4 NOH), was successfully applied to determine the amounts of the rosin sizing agents in paper samples. 5 In this work, reactive Py-GC in the presence of organic alkali was extended in order to determine the fortified rosin-glycerin ester sizing agents in paper samples.
Experimental

Materials
The five paper samples (P-1 -P-5) used in this work are listed in Table 1 . These samples, containing various amounts of the fortified rosin-glycerin ester sizing agent, were prepared by adding the sizing agent and other additives, such as alum (Al 2 (SO 4 ) 3 ·18H 2 O) 1.0%m/m, CaCO 3 10%m/m and cationic starch 1.0%m/m to the pulp slurry, under conditions similar to those for commercial paper production. A series of standard samples for the calibration were also prepared using a blank paper sample (P-1) produced without adding any sizing agent. In preparing these standard Table 1 Paper samples containing fortified rosin-glycerin ester sizing agents Sample Rosin-glycerin ester sizing agent (%m/m) added
samples, a known amount of the sizing agent dissolved in a known volume of acetone was added directly to a weighed piece of blank paper with a microsyringe, and then dried in vacuo. The thus-prepared paper samples were cryo-milled into a fine powder (less than 60 mesh) by a freezer mill (SPEX 6700) prior to Py-GC measurements in order to homogenize them.
Tetramethylammonium hydroxide (TMAH, 25%m/m solution in methanol) supplied by Aldrich Chemical Company, Inc. was used as received.
Apparatus
A vertical microfurnace pyrolyzer (Yanaco GP-1018) was directly attached to a gas chromatograph (HP 5890) equipped with a flame-ionization detector (FID). A fused-silica capillary column (HP Ultra 1, 25 m´0.20 mm i.d. coated with 0.33 mm film of crosslinked methylsilicone) was used. An aliquot of a finely powdered paper sample weighing ca. 500 mg, or rosin glycerin ester alone weighing ca. 50 mg, was placed in a platinum sample cup together with approximately 2 ml of the TMAH solution, and then pyrolyzed at 400˚C in a stream of He carrier gas (50 ml min -1 ), the flow rate of which was reduced to 1 ml/min at the capillary separation column by means of a splitter. The column temperature was programmed from 50 to 300˚C at a rate of 8˚C min -1 . Identification of the peaks on the pyrograms was mainly performed by a GC-MS (JEOL AUTOMASS 150), to which a microfurnace pyrolyzer (Frontier Lab Single Shot Pyrolyzer PY-2010SL) was also attached. Figure 2 shows the pyrograms obtained for the fortified rosin-glycerin ester sizing agent alone without the addition of TMAH (a) and with the addition of TMAH (b) at 400˚C. Although a series of relatively weak peaks of rosin acids were observed at between 20 and 432 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 25 min in the pyrogram of Fig. 2(a) , no peaks of the rosin adducts were observed, because of their extremely high polarity. On the contrary, in the pyrogram obtained in the presence of TMAH (Fig. 2(b) ), two groups of sharp peaks of the methyl esters of rosin acids and their adducts were clearly observed at between 25 and 30 min, and 33 and 37 min, respectively, as a result of the selective hydrolysis of ester bondings, followed by the simultaneous methylation of the carboxyl groups. In addition, the peaks of the methyl ethers of glycerin were also observed at around 5 min. These results suggest that reactive pyrolysis in the presence of TMAH could be applied to determine the fortified rosin-glycerin ester sizing agent in paper samples. Figure 3 shows pyrograms obtained for a paper sample (P-5) prepared by adding 1%m/m of the sizing agent without the addition of TMAH (a) and with the addition of TMAH (b), and that of a blank paper sample (P-1) with the addition of TMAH (c) at 400˚C. From these results, it has been found that the reactive pyrolysis of a paper sample containing the rosin glycerin ester can produce very sharp derivatized peaks, not only for rosin acids, but also for rosin adducts. However, the peaks of the methyl ester of rosin acids somewhat overlap those of disaccharides formed from the pulp matrix. Moreover, there exist possibilities that some pulp materials also contain the naturally occurring rosin acid to some extent. Therefore, in this work, the rosin glycerin ester sizing agents in paper samples were determined on the basis of only the two peaks of the methyl esters of the rosin adducts observed in the pyrogram. Figure 4 shows the relationship between the observed peak intensity of the methyl esters of the rosin adducts per sample weight (counts/mg) and the content of the sizing agents in standard paper samples. The thusobtained calibration curve exhibits very good linearity with r=0.999. Thus, the retained amounts of the sizing agent added to pulp slurry during the paper preparation were evaluated using this calibration curve. Figure 5 shows the relationship between the amount of the retained sizing agents estimated by this method and the amount of the sizing agents added to the pulp slurry. It is interesting to note that all of the observed data fall below the octagonal broken line, which repre-433 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 Fig. 2 Pyrograms of a rosin-glycerin ester sizing agent at 400˚C without TMAH (a) and with TMAH (b). Fig. 3 Pyrograms of a paper sample (P-5) prepared by adding 1.0%m/m rosin-glycerin ester at 400˚C (a) without TMAH and (b) with TMAH, and (c) the blank paper sample (P-1) with TMAH. * This peak refers to one of the pyrolytic components of paper.
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sents complete retention (100%), because a part of the sizing agent added into the pulp slurry is lost with the white water. These data suggest that about 50% of the sizing agents added into the pulp slurry are retained in this particular case, regardless of the added amount of the sizing agent. The observed reproducibility of this method is within 3% of the relative standard deviation for three repetitive runs with the same sample (P-5). Thus, high resolution Py-GC combined with reactive pyrolysis proved to be a powerful method for the rapid, convenient and precise analysis of the rosin-glycerin ester sizing agents in paper samples.
(Received September 11, 1997) (Accepted November 17, 1997) 434 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 Fig. 4 Relationship between the amounts of the sizing agent added in the standard samples and the peak intensities of methyl esters of rosin adducts in the pyrograms. Fig. 5 Relationship between the amounts of the sizing agent added into a pulp slurry and those retained in paper samples estimated by PyGC.
